The present text aims to analyse "energy cultures" in the European Union, and thus attempts to verify the assumption underlying the legitimacy of statements positing a division of the European Union member states according to particular kinds of energy consumption practice. In the first place one should point to two main directions of energy cultures analysis, which can be presented as follows: (1) a presentation of a culture in the form of the conversion of resources as well as the impact of the conversion on the natural environment, (2) an energy culture as a special sphere of social awareness. These two directions of thought are connected with the two main roots of research into culture itself: (1) culture as farming and animal husbandry (presently the domain of natural sciences), and (2) culture as a body of immaterial artefacts and a reproduction of social practice (presently the domain of social sciences and humanities) (K³osowska, 1969; K³osowska, 1972; Burszta, 1998: 35-57; Strinati, 1998: 15-49).
tures", distinguishing nine cultures: (1) the Anglo-Saxon one, (2) the French one, (3) the Scandinavian one, (4) the Mediterranean one, (5) the East European one, (6) the Latin American one, (7) the Japanese one, (8) the Chinese one, and (9) the primitive one (£ucki, Misiak, 2010: 75-76) . For instance, the "energy culture of the French type" is to be characterised by the predominance of nuclear power, a minimum supply of coal, a low emission and energy intensity of the economy, while the "energy culture of the Scandinavian type" is to be characterised by a great significance of renewable energy sources, a low consumption of coal, low-emission and intensity indexes of the economy. It is to be noted that in their typology, £ucki and Misiak included a description of energy markets, that is an attitude of individual states to sector liberalisation, which has been at length addressed in A. Midttun's publications (Midttun, 2001; Finon, Midttun, 2004) .
METHODOLOGY
The text sets out to verify the results of the research into the existence of "energy cultures" in the European Union, which have been presented by the following persons:
(1) A. Pach-Gurgul, (2) Z. £ucki and W. Misiak (3) P. Tapio, D. Banister, J. Luukkanen, J. Vehma and R. Willamo. As regards A. Pach-Gurgul, and P. Tapio and his research team, a statistical analysis was carried out on the basis of the following research tools employed for the purpose of the cluster analysis: Ward's method, complete linkage, k-means, multidimensional scaling. A comparative analysis of the research processes authored by the above-mentioned researchers is difficult because of: (1) a selection of various statistical instruments (e.g. for the purpose of cluster analysis A. Pach-Gurgul uses Ward's method, the complete linkage algorithm, the k-means method and multidimensional scaling, whereas P. Tapio and his research team use the complete linkage algorithm, and Z. £ucki and W. Misiak do not conduct a statistical analysis at all, limiting themselves only to a synthesis and referring to other scientists' research), (2) a selection of various indexes characterising potential and distinguished "energy cultures" (Tapio et. al., 2007: 433-451; £ucki, Misiak, 2010: 43-91; Pach-Gurgul, 2012: 159-177) .
The object of the present text is not to discuss research tools or to establish which one of the statistical methods is more effective -the complete linkage algorithm or perhaps other methods of cluster analysis. Such problems are usually analysed along with a presentation of various statistical methods (Cf. Aldenderfer, Blashfield, 1984; Kaufman, Rousseeuw, 2005; Stanisz, 2007; Everitt, Landau, Leese, Stahl, 2011; Mirkin, 2015) . The same attitude was adopted in relation to the differences in the selection of indexes characterising "energy cultures". It is noteworthy that the reasons for using particular indexes concerned with the use of energy may be, for instance, pragmatics-motivated (an access to data) or teleology-motivated (related to the objective that has been set in a research process).
However, it must be pointed out that on account of the willingness to conduct a comparative analysis, following A. Pach-Gurgul, only a selection of statistical methods have been adopted for the purpose of the research, to wit: (1) Ward's method (the minimum variance method), (2) the k-means method (Pach-Gurgul, 2012: 159-177) . The same applied to the indexes used for the purpose of classification of the clusters, which in turn could be related to particular "energy cultures". The problem of similarities and dissimilarities in this scope will be discussed in the subsequent point of the text. Also, it must be emphasised that in their analyses, both P. Tapio and his research team, and A. Pach-Gurgul subjected a different number of states to analysis, and adopted different timeframes. As for P. Tapio and his research team, 15 member states of the so-called "old" European Union (EU-15) were analysed within the period of 1970-2000; A. Pach-Gurgul's analysis covered 27 European Union member states (EU-27) and the focus was 2008. In the present text the subjective scope of the analysis covers 28 European Union member states (EU-28) and the indexes of 2011. Furthermore, for comparative purposes the same kind of analysis of 2001 is employed. Noteworthily, the text does not include detailed calculations in this respect.
Some light should be shed on the methods used to verify the hypotheses and the comparative analysis. As mentioned before, the research used clustering, which is a common method for analysing empirical data. The method serves to group objects and variables in indefinite groups.
In the first place -following A. Pach-Gurgul -the use was made of Ward's method, which is one of the most frequently employed agglomerative clustering method. The characteristic feature of this method is the use of a variance analysis for the purpose of determining the distance between clusters. The distance between one cluster composed of objects and another one cannot be directly expressed by way of the distance between the objects belonging to these clusters (Kaufman, Rousseeuw, 2005: 230-234; Stanisz, 2007: 122; Mirkin, 2015: 111-136) . Hence, "the method aims to minimise the sum of squared deviations of any two clusters which can be formed at any stage" (Analiza skupieñ, 2015) . Therefore, clusters that "ensure the minimum sum of squared distances from the centre of mass of a new cluster, which they create" are merged (Roszko-Wójtowicz, 2014: 74) . The literature points out that this kind of agglomerative method is cognitively effective, however it yields small, and yet most natural clusters (Roszko-Wójtowicz, 2014: 74; Analiza skupieñ, 2015) .
Another method employed is the method of k-means (i.e. a non-hierarchical algorithm of cluster analysis). This clustering method is in its design different from agglomerative and divisive methods (including Ward's method). Hierarchical methods generate arranged cluster trees, whereby lower-order clusters are subsumed under higher-order ones; the k-means method divides clusters in such a manner that no cluster is a sub-cluster of another cluster (Stanisz, 2007: 127-128) . The choice of a specified number of clusters results in groups of objects that are most similar (close), whereas objects from other groups are most different (distant). Noteworthily, it must be pointed out that it is the analysing person who makes an arbitrary choice as to the number of groups made up of particular objects (Soko³owski, 2002; Mirkin, 2015: 75-110) .
INDEXES OF 'ENERGY CULTURES'

A selection of indexes
The introduction contains assumptions to be verified, that is the assumptions of the existence or non-existence of special "energy cultures", as well as the assumptions of changes occurring in the energy cultures earlier recognised in the literature. A selection of indexes characterising an "energy culture" is essential for this purpose. Arguably, the very choice of indexes is a definiens of sorts of the term in question. The text refers to indexes chosen by Pach-Gurgul, but given the lack of vital data concerned with the manner of calculating some indexes, the text does not undertake an appropriate comparative analysis. The above-mentioned author employed the following indexes for the purpose of the analysis of the EU-27 "energy culture": (1) an index of energy intensity (kgoe/ 1000), (2) an index of energy consumption per capita (toe/cap), (3) an index of GHG emission per capita (t CO 2 equiv.), (4) a level of primary energy production by fuel kinds in Mtoe (coal, petroleum, gas, nuclear fuel, renewable energy sources) (Pach-Gurgul, 2012: 165-177) .
In the text, given the difficulty of characterising "energy cultures" of the European Union member states, the following indexes have been adopted: (1) the energy intensity of an economy (kgoe/ 1000), (2) energy consumption per capita (toe/cap), (3) the emission of greenhouse gases per capita (t CO 2 equiv.), (4) a level of gross inland energy consumption in Mtoe (for solid fuels, petroleum and petroleum products, gas, nuclear fuel, renewable energy sources, non-renewable energy sources). The selection of indexes shows a visible difference in that the index of primary energy production has been replaced with the index of gross inland energy consumption with a different fuel structure (Tab. 1). 
A description of indexes
The first index is energy intensity, which is concerned with the operation of an economy. It defines energy consumption in production processes in particular sectors of economy. The differences in the level of energy intensity may be indicative of the level of economic development, an economic structure, a technological advancement, the type of carriers used in the primary energy production. A low level of energy intensity points to a higher efficiency of energy sources management. It must however be pointed out that a low energy intensity may characterise economically underdeveloped countries, with the provision that we are dealing with a low energy consumption in general. As regards energy intensity, there is a variety of indexes to choose from: (1) an index of GDP energy intensity (calculated as the ratio of the amount of energy consumed to the value of GDP), (2) an index of energy consumption per capita (calculated as the ratio of primary energy consumed to the population) (Pach-Gurgul, 2012: 166-167; Energy glossary, 2015) .
Another index is the greenhouse gas emission calculated as the ratio of the emission to the population (Greenhouse gas emission statistics, 2015). Emissions may be suggestive of an energy structure of particular countries, a technological advancement and the level of clean energy sources development. Taking into account emissions of very small countries, such as Luxembourg, may become problematic for analyses. The tendency which should be included in the emission analyses presupposes a correlation between a GDP growth and an emission increase. The index level may also be affected by the dominance of particular carriers in the energy production structure.
The last index to characterise an "energy culture" is the gross inland energy consumption expressed in Mtoe. Unlike the selection of indexes made by A. Pach-Gurgul, the text does not employ the index based on primary energy production by the type of fuel. The index of gross inland energy consumption takes into account the total energy demand in a given country, and as such it defines the amount of energy required to meet the con-sumption needs. This kind of consumption embraces: (1) energy consumption by the energy industry, (2) losses sustained in relation to distribution and processing, (3) the ultimate energy consumption by end users (Eurostat statistics explained, 2015) . The elements taken into account while calculating the index of gross inland energy consumption are: (1) primary production, (2) the so-called reclaimed products, (3) net energy imports, (4) changes in stores (however, not including the so-called energy/oil stored in international sea bunkers) (Energy glossary, 2015; Eurostat statistics explained, 2015).
AN ATTEMPT AT GROUPING THE EUROPEAN UNION STATES
Ward's method
Ward's method was employed to group the European Union member states (EU-28) in 2011, which made it possible to distinguish four existing clusters: (1) Belgium, the Netherlands, Austria, Sweden, Finland and Luxembourg (however Luxembourg stands out against the other countries); (2) Bulgaria, the Czech Republic, Estonia, Poland, Croatia, Latvia, Lithuania, Hungary, Slovakia and Romania (a clear division of these countries into the former four and the latter six is observable); (3) Denmark, Ireland, Greece, Portugal, Cyprus, Slovenia and Malta (however Malta stands out against the other countries); (4) Germany, Spain, Italy, Great Britain and France, however Germany stands out against the other countries (Diag. 1). 231   BE  NL  AT  SE  FI  LU  BG  CZ  EE  PL  HR  LV  LT  HU  SK  RO  DK  IE  EL  PT  CY  SI  MT  DE  ES  IT  UK  FR   0  1  2  3  4  5  6 Linkage Distance
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Diagram 1. A dendrogram (Ward's method with Euclidean distance)
Source: Author's own study.
The k-means method
With the optimal number of clusters established, the text sets out to find out what areas characterising an "energy culture" display the biggest differences between the distinguished groups (Tab. 2). Thanks to the k-means method it is possible to conclude that the differences between distinguished clusters are highly significant (p<0.01) in respect of almost all the analysed variables, with the exception of nuclear fuels, where the differences are significant with the significance level of 0.05 (Tab. 3). Table 2 The mean values of the analysed indexes in individual clusters (k-means method) Source: Author's own study.
An extension of Table 2 is Diagram 2, which graphically presents mean levels of analysed features for the distinguished clusters. The first cluster includes Spain, France, Italy and Great Britain (which is motivated by relatively high scales of gross energy consumption). The second cluster includes Bulgaria, the Czech Republic, Estonia and Poland (the characteristic feature here is the highest level of energy intensity -kgoe/ 1000). The third cluster includes Denmark, Ireland, Greece, Cyprus, Malta, Austria, Slovenia, Finland and Sweden. This group is characterised by low results in all the scales, the highest ones concerning the index of energy consumption per capita (toe/cap) as well as the index of GHG emission per capita in relation to energy consumption (t CO 2 ). The fourth cluster includes Croatia, Latvia, Lithuania, Hungary, Portugal, Romania and Slovakia. This group of countries is characterised by the lowest results in all the scales, except for energy intensity (kgoe/ 1000). The fifth cluster embraces only Germany, characterised by high scales of gross inland energy consumption. The last, sixth cluster contains the following countries: Belgium, Luxembourg and the Netherlands. This group is characterised by the highest indexes of energy consumption per capita (toe/capita), as well as the index of GHG emission per capita in relation to energy consumption (t CO 2 ). * * * The main object of the analysis presented in the text was to point to and confirm the existence of special "energy cultures" in the European Union. In order to achieve this aim the use was made of research present in the literature, inter alia, in the publications containing statistical analyses by: (1) A. Pach-Gurgul, (2) P. Tapio and his research team -Banister, J. Luukkanen, J. Vehma i R. Willamo, also in a review, (3) Z. £ucki and W. Misiak. Compared with the invoked research, the timeframe of the analysis in the text covered 2011, and the subjective scope embraced 28 countries (EU-28).
Energy Cultures in the European
As part of the research process the following research hypotheses were subjected to verification: (1) It must be assumed that the dissimilarities in energy structures of particular EU member states are an outstanding premise on which to base a recognition of the existence of specific "energy cultures" in the European Union, (2) It must be assumed that in the period of [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] there occurred changes in the area of "energy cultures" of the European Union, which had earlier been recognised in the literature. In this scope the following conclusions ought to be presented:
I. CONCLUSIONS: The differences in energy structures result in the possibility of pointing to particular features characterising member states and clusters of countries, partially because of the predominance of specific energy carriers and/or a way of their conversion. On account of the use of selected indexes for the purpose of characterising the specificity of the European Union member states, six clusters have been distinguished, and they include the following countries: (1) Spain, France, Italy and Great Britain; (2) Bulgaria, the Czech Republic, Estonia and Poland; (3) Denmark, Ireland, Greece, Cyprus, Malta, Austria, Slovenia, Finland and Sweden; (4) Croatia, Latvia, Lithuania, Hungary, Portugal, Romania and Slovakia; (5) Germany; (6) Belgium, Luxembourg and the Netherlands.
An observable cluster that recurs in the research by A. Pach-Gurgul as well as in the analysis presented in the text covering 2011, embraces Bulgaria, the Czech Republic, Estonia and Poland (Cluster II). As for Ward's method the cluster is broader, but features an outstanding group of the above-mentioned countries (also including: Croatia, Latvia, Lithuania, Hungary, Slovakia and Romania). Besides, in this model, in comparison with A. Pach-Gurgul's research, another cluster is by and large repeated, including Croatia, Latvia, Lithuania, Hungary, Portugal, Romania and Slovakia -Cluster IV (for a variety of reasons Croatia and Portugal are not repeated). The characteristic feature of both clusters is a higher scale of the index of energy intensity (kgoe/ 1000). This shows that it is legitimate to recognise the existence of the division of the European Union into the two "energy cultures": the Western European one and Eastern European one. The main factor behind this division is the energy intensity of the economies of individual member states. Unlike the analysis by P. Tapio and his research team, the axis of division has changed considerably, for within the so-called "old" European Union (EU-15) there was an observable general division into the Northern European and Southern European 'energy cultures'.
Both the above-mentioned clusters (II and IV) can be associated with the "Eastern European culture" as part of the division presented by Z. £ucki and W. Misiak. The energy culture distinguished by the two researchers is to be characterised by: (1) a variety of energy policies, (2) a high energy intensity of the economy, (3) a low electric energy consumption, (4) limited awareness, (5) a negative attitude towards energy market liberalisation. In the case of Bulgaria, the Czech Republic and Poland (Cluster II), the characteristic feature is a considerable share of solid fuels in the energy mix of the gross inland energy consumption. The countries included in Cluster IV are characterised by a smaller share of solid fuels and a higher diversity of energy structure.
As part of the k-means clustering method, it is worth pointing out two clusters of countries: Cluster I (Spain, France, Italy, Great Britain) and Cluster V (Germany). The countries in both clusters belong to the so-called "old" European Union, and their main feature is a substantial level of energy production, Germany being the largest producer. In both cases, the characteristic features are a marked share of renewable energy sources, gas as well as petroleum and petroleum products in the gross inland energy consumption. Furthermore, both clusters are characterised by a low or relatively low index of energy intensity (kgoe/ 1000).
As part of the clustering based on the k-means method, in both periods, that is in 2001 and 2011 the cluster comprising Belgium, Luxembourg and the Netherlands was repeated. This cluster is characterised by a high index of energy consumption per capita and a high index of GHG emission per capita.
II. CONCLUSIONS: It must be emphasised that the period 2001-2010 is connected with the transition process of the electric energy and gas sectors in the European Union. The process is also associated with the introduction of the 1 st Climate-Energy Package in the European Union. What is more, the changes will be continued on account of the efforts at building an Energy Union as well as the implementation of the so-called 2 nd Climate-Energy Package. Of particular significance is also the increase in the import dependence of the European Union, given the declining reserves of energy resources. Moreover, the objectives of the "green energy policy" will be giving rise to the increasing energy efficiency and the growing share of renewable energy sources in energy production, which may constitute a factor limiting the import dependence. Thus, it should be posited that in the long term we will be witnessing a homogenisation of indexes, e.g. the index of energy intensity.
These processes may result in the tendency for changes towards the model of the 'energy culture', which Z. £ucki and W. Misiak have termed a "Scandinavian culture", that is one characterised by the following features: (1) a development of RES, (2) a low consumption of coal, (3) a low index of GHG emission, (4) a considerable energy consumption, (5) a low energy intensity, (6) a heightened environment-and energy-consciousness.
By way of comparing the analyses for 2011 and for 2001, based on the k-means clustering method, it must be stressed that Belgium, Luxembourg and the Netherlands hold steady in the cluster (Cluster VI), whereby they abide by the roles played by the features earlier ascribed to them. A measure of stability can also be observed in the case of Spain, France, Italy, Great Britain and Germany (Clusters I and V). Noteworthily, Sweden has been eliminated from the group (despite lowering the scale of the first three indexes).
The distinctive feature of Eastern European countries is the high scale of the energy intensity index, as viewed against the backdrop of Clusters I and IV. Yet, some tendency towards stirring of the scale of energy intensity index is to be observed in this scope. A transformation of the energy structure will also prove quite a challenge here. Poland can serve as an example, whereby coal will continue to be the country's main electric energy carrier for the next 30 years.
Energy Cultures in the European Union
The comparative analysis featuring in the text is limited, and so it does not address all the issues concerned with the correlations between the presented 'energy cultures'. The work sets out to verify the results of the research into the existence of 'energy cultures' in the European Union, as presented by A. Pach-Gurgul, Z. £ucki and W. Misiak as well as P. Tapio and his research team. Still, the greatest emphasis has been laid on the proposals made by A. Pach-Gurgul, for it was her publication as well as the selection of indexes and research tools included therein that proved to be an inspiration for the present text. It should also be noted that the object of analysis in the text does not embrace a discussion of the legitimacy of employing specific methods for clustering.
